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Abstract 

The littlest Higgs model with T-parity, which is called LHT model, predicts the 
existence of the new particles, such as heavy top quark, heavy gauge bosons, and 
mirror fermions. We calculate the one- loop contributions of these new particles to 
the top quark chromomagnetic dipole moment (CM DAI) AK. We find that the 
contribution of the LHT model is one order of magnitude smaller than the standard 
model prediction value. 
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1. Introduction 

The standard model (SM) is an excellent low energy description of the elementary 
particles. The next generation of high energy colliders planned or under construction will 
test the SM with high precision and will explore higher energies in the search of new 
physics. It is well known that new physics may manifest itself in two ways: through 
direct signals involving the production of new particles or by departures from the SM 
predictions for the known particles. In some cases, indirect effects can give evidence of new 
physics beyond the SM before new particles are discovered. Thus, studying corrections 
of new physics to observables are important as well. 

The top quark, with a mass of the order of the electroweak scale m t ~ 172 GeV [1], is 
the heaviest particle yet discovered and might be the first place in which the new physics 
effects could be appeared. The correction effects of new physics on observables for top 
quark are often more important than for other fermions. Top quarks will be copiously 
produced at the CERN Large Hadron Collider (LHC) and later International Linear 
Collider (ILC). For example, 80 millions top quark pairs will be produced at the LHC 
per year [2]. This number will increase by one order of magnitude with the high luminosity 
option. With such large samples, precise measurements of its couplings will be available 
to test new physics beyond the SM. 

Anomalous top quark couplings can affect top production and decay at high energy 
colliders as well as precisely measured quantities with virtual top contributions. In partic- 
ular, new contributions to the top quark coupling gtt, which is considered in this paper, 
can produce significant contributions to the total and differential cross sections of top- 
pair production at hadron colliders [3, 4]. If the new physics, which can give rise to new 
contributions to the coupling gtt, is at the TeV scale, then the anomalous coupling gtt 
can be parameterized by the chromomagnetic dipole moment (CM DM) AK of the top 
quark, which is defined as: 

L = i(^)^ta,„q»T a tG^, (1) 
2 lm t 

where = | [7^,71/], 9s and T a are the SU(3)c coupling constant and generators, re- 
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spectively. q u is the gluon momentum. Within the SM, the top quark CM DM AK 
vanish at the tree-level but can be generated at the one-loop level [5]. Recently, Ref.[6] 
has calculated the contributions of some new physics models to AK and they find that 
the topcolor assisted technicolor models can make its absolute value reach 0.01, which is 
of the order of the sensibility of the LHC. Motivited by the fact that the little Higgs 
theory [7] is one of the important candidates of the new physics beyond the SM and AK 
would be more easily probed at the LHC than at the Tevatron, in this paper we will 
reconsider the top quark CM DM AK in the context of the littlest Higgs model with 
T-party (called LHT model) [8] and see whether its contributions to AK can be detected 
at the LHC. 

In the rest of this paper, we will give our results in detail. The essential features of 
the LHT model, which are related our calculation, are reviewed in section 2. In section 
3, the contributions of the new particles to the top quark CMDM AK are calculated. 
Conclusions are given in section 4. 
2. The essential features of the LHT model 

Little Higgs models are proposed as an alternative solution to the hierarchy problem 
of the SM, which provide a possible kind of electroweak symmetry breaking (EWSB) 
mechanism accomplished by a naturally light Higgs boson [7]. In this kind of models, the 
Higgs boson is a pseudo-Goldstone boson and its mass is protected by a global symmetry 
and quadratic divergence cancelations are due to contributions from new particles with 
the same spin as the SM particles. The LHT model [8] is one of the attractive little 
Higgs models. In order to satisfy the electroweak precision constraints by avoiding tree- 
level contributions of the new particles and restoring the custodial SU{2) symmetry, a 
discrete symmetry, called T-parity, is introduced in the LHT model. Under T-parity, 
particle fields are divided into T-even and T-odd sectors. The T-even sector consists of 
the SM particles and a heavy top T + , while the T-odd sector contains heavy gauge bosons 
(Bh, Z H) Wh), a scalar triplet (<&), and the so-called mirror fermions. 

The LHT model is based on a SU(5)/SO(5) global symmetry breaking pattern, which 
gives rise to 14 Goldstone bosons: 



3 



n 





0J + 






2 V20 


V2 


l V2 




LU~ 




u+h+iiT 


i4> + 


^2 


2 y/20 


2 


~ % T2 


% ~2 


v+h—in 
2 




•7T+ 

~ l T2 










i<f>~~ 


l V2 


% sf2 


2 V20 


i*- 


i<fP+<f> p 


v+h—in 


LO + 


l V2 


V2 


2 


V2 



■V2 

P°+4> F 



^2 

v+h+i-K 
2 



V2 



(2) 



V l V2 ' ji 2 "^2 2 y/m ) 

Where it consists of a doublet H and a triplet $ under the unbroken SU(2) l xU(1)y 
group which are given by: 
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Here h is the physical Higgs field and v = 2AQGeV is the electroweak scale. The fields 77 
and uj are eaten by heavy gauge bosons when the \SU{2) x U{1)] 2 gauge group is broken 
down to SU(2)l x U(1)y, whereas the n fields are absorbed by the SM gauge bosons W 
and Z after EWSB. The fields h and $ remained in the particle spectrum are T-even 
and T-odd, respectively. 

After taking into account EWSB, at the order of v 2 / 'f 2 , the masses of the T-odd set 
of the 577(2) x U(l) gauge bosons are given as: 
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Where / is the scale parameter of the gauge symmetry breaking of the LHT model, g' 
and g are the SM U(1) Y and SU(2) L gauge coupling constants, respectively. Because of 
the smallness of g', the gauge boson B H is the lightest T-odd particle, which can be seen 
as an attractive dark matter candidate [9]. 

In order to cancel the quadratic divergence of the Higgs mass coming from top loops, 
an additional heavy top quark T + need to be introduced, which is T-even and transforms 
as a singlet under SU(2) L . Then the implementation of T-parity requires also a T-odd 
partner TL, which is an exact singlet under SU(2)i x SU(2) 2 . Their masses are: 

,,2 



M T+ = 
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Where Xl = Af / (Af + A|) is the mixing parameter between the SM top quark t and the 
new top quark T + , in which Ai and A2 are the Yukawa coupling parameters. 

To avoid severe constraints and simultaneously implement T-parity, it is need to double 
the SM fermion doublet spectrum [8, 10, 11]. The T-even combination is associated with 
the SU(2)l doublet, while the T-odd combination is its T-parity partner. The masses of 
the T-odd fermions can be written in a unified manner as: 

M Fi = yfikif, (7) 

where fcj are the eigenvalues of the mass matrix k and their values are generally dependent 
on the fermion species i. 

The mirror fermions (T-odd quarks and T-odd leptons) have new flavor violating 
interactions with the SM fermions mediated by the new gauge bosons (B H , Wjf , or Z H ), 
which are parameterized by four CKM-like unitary mixing matrices, two for mirror 
quarks and two for mirror leptons [12, 13, 14]: 

V Hu , V Hd , V Hl , V Hv . (8) 

They satisfy: 

VhvVhcI = VcKM, VhvVhI = VpMNS- (9) 

Where the CKM matrix Vckm is defined through flavor mixing in the down-type quark 
sector, while the PMNS matrix Vpmns is defined through neutrino mixing. 

From above discussions, we can see that, because of the presence of new mixing matri- 
ces, the LHT model might generate significant effects on flavor observables and provide 
a picture of flavor violating processes at scales above the electroweak scale that differs 
dramatically from the SM one. It has been shown that the departures from the SM 
expectations in the quark and lepton sectors can be very large [11, 12, 13, 14, 15, 16]. In 
this paper, we will focus our attention on the contributions of the LHT model to the top 
quark CMDM AK. 
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3. The contributions of the LHT model to the top quark CMDM AK 

In the LHT model, the top-quark CMDM AK arises from loops containing the heavy 
top quarks T + and T_, T-odd fermions u l H and d l H , and the new gauge bosons Bh , Zh, W% 
with their respective would be Goldstone bosons. The relevant Feynman diagrams are 
shown in Fig.l. 




< s ) ( 11 ) 



Figure 1: The Feynman diagrams contributing to AK in the LHT model 

Using the relevant Feynman rules given in Refs.[10, 12], we can calculate the contri- 
butions of the new particles predicted by the LHT model to the top quark CMDM AK. 
Then the top quark CMDM AK are obtained as a sum of the contributions coming from 
these new particles in the LHT model. 

AK = AK T+ + AK T _ + AK UH + AK d[1 (10) 
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Where Sw = sin# w , d w is the Weinberg angle. m w , M u , and M v are the masses of the 
would be Goldstone bosons n, u, and 77, respectively. Similar with Ref. [11], we will assume 
m^o = M Z) M w o = M Zh) M^± = M w ± and M v = M Bh in our numerical calculation. 
In above equations, we only consider the Feynman rules at the order of v/f, which give 
contributions to the top quark CMDM AK at the v 2 j j 2 level. At order v 2 j ' f 2 calculation, 
we have neglected the contributions of the heavy gauge boson Zh in above equations. 
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Figure 2: In case I, the top quark CMDM AK as a function of the scale parameter / 
for three values of the mixing parameter Xl- 

From above equations, we can see that the free parameters which are related to our 
analysis are /, Xl, M u ^, M^ and Vh u - The matrix elements (Vnujij can be determined 
through Vhu = ^HdVcKM- The matrix Vua can be parameterized in terms of three 
mixing angles and three phases, which can be probed by FCNC processes in K and 
B meson systems, as discussed in detail in Refs.[12, 14]. It is convenient to consider 
several representative scenarios for the structure of the Vua- To simply our calculation, 
we concentrate our study on the following two scenarios for the structure of the mixing 
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matrix Vna- 

case I: V H d = I, V Hu = V<$ KM ; 

case II: S^ = l/V2, S* 2 = 0, Sf 3 = 0, 8f 2 = 0, 5 d 23 = 0, 5f 3 = 0. 

It has been shown that, in both cases, the constraints on the mass spectrum of the 
T-odd fermions are very relaxed [12, 14]. From Eqs.(ll)-(14), we can see that the contri- 
butions of the LHT model to the top quark CM DM AK are mainly dependent on the 
scale parameter /. Thus, we will assume = M^. = A00GeV(i = 1,2), = M d :^ = 
GOOGeV" and take the scale parameter / and the mixing parameter X L as free parameters 
in our numerical estimation. 
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Figure 3: Same as Fig.2 but for case II. 

Our numerical results our summarized in Fig.2 and Fig.3. One can see from these 
figures that the top quark CM DM AK is strongly dependent on the parameters /. The 
contribution of the LHT model to AK for case I has not large deviations from that 
for case II. This means that the total contributions of T-odd fermions are not sensitive 
to the mixing matrix elements (Vffu)ij- If we assume / = 500GeV — 2000Gel / and 
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0.1 < X L < 0.5, then the values of AK are in the ranges of -3.6 x 10~ 3 ~ -1.23 x 10~ 4 
and —3.61 x 10~ 3 ~ —1.34 x 10" 4 for case I and case II, respectively. 

It is well known that the severe constraint on the top quark CM DM AK comes from 
the process b — ► 57, which is as strong as that expected at the LHC. Ref.[5] has shown 
that the constraint given by the CLEO data on b — > S7 is about —0.03 < AK < 0.01. 
Our numerical results show that the contribution of the LHT model to AK is consistent 
with this constraint. However, the contribution of the LHT model to AK is about one 
order of magnitude smaller than the SM prediction value, which is difficult to be detected 
in near future LHC. 
4. Conclusions 

The LHT model is one of the attractive little Higgs models, which provides a possible 
dark matter candidate. To simultaneously implement T-parity, the LHT model introduces 
new mirror fermions. The flavor mixing in the mirror fermion sector give rise to a new 
source of flavor violation, which can generate contributions to some flavor observables. 

The LHT model predicts the existence of new particles, such as new heavy top quark 
(T + ,T_), new gauge bosons (Bh,Wh, and Zh) and T-odd fermions. In this paper, we 
have calculated the one-loop contributions of these new particles to the top quark CMDM 
AK. We find that the absolute value of AK is at order of 1 x 10~ 3 in wide range of the 
parameter space, which is smaller than that given in the context of the SM by one order 
of magnitude. 

The LHC will become operational in next year. One of the primary goals for the LHC 
is to determine the top quark properties and see whether any hint of non-S'M effects may 
be visible. The next-to-leading order cross section for top quark pair production at the 
LHC with ^/s = lATeV is calculated to be 833pb of which some references are given in 
Refs. [2, 17]. This will make it possible to precisely determine the top quark couplings and 
also offers an excellent chance to search for new physics at the LHC. Thus one might 
distinguish different new physics models via precision measurement of the top quark 
CMDM at the LHC. 
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